A 20-year-old male was evaluated for winging of the scapula and an enlarging axillary mass of 4 months' duration. Imaging demonstrated a multiloculated cystic lesion that extended into the axilla and superiorly displaced the brachial plexus and axillary vessels surrounding an exostotic mass arising from the scapula. Surgery confirmed the mass to be a benign osteochondroma with a reactive bursa. The long thoracic nerve was intact and the serratus anterior muscle contracted normally with nerve stimulation. The scapular winging resolved completely following resection of the osteochondroma, and shoulder and arm function remained normal. A literature review of causes of pseudo-winging of the scapula was performed. Scapular osteochondroma is a rarely reported cause of scapula winging.
Abstract A 20-year-old male was evaluated for winging of the scapula and an enlarging axillary mass of 4 months' duration. Imaging demonstrated a multiloculated cystic lesion that extended into the axilla and superiorly displaced the brachial plexus and axillary vessels surrounding an exostotic mass arising from the scapula. Surgery confirmed the mass to be a benign osteochondroma with a reactive bursa. The long thoracic nerve was intact and the serratus anterior muscle contracted normally with nerve stimulation. The scapular winging resolved completely following resection of the osteochondroma, and shoulder and arm function remained normal. A literature review of causes of pseudo-winging of the scapula was performed. Scapular osteochondroma is a rarely reported cause of scapula winging.
Background
Winging of the scapula occurs when the medial border of the scapula is more prominent than normal. Classically, this is caused by injury or dysfunction of the long thoracic nerve with subsequent paralysis of the serratus anterior muscle. Winging of the scapula due to other causes is known as pseudo-winging. Multiple causes of pseudo-winging have been reported in the literature secondary to shoulder girdle instability, displaced fractures and malunions, and bony tumors [3, 8] . Osteochondroma of the scapula is a rare cause of scapular pseudo-winging. Here, we present a review of the literature and a case report of an isolated osteochondroma of the scapula which presented with pseudo-winging and a mass.
Case Report
A 20-year-old right-hand-dominant male was referred for evaluation of left scapula winging and an enlarging painless axillary mass for 4 months. He had some catching and clunking in his left shoulder with range of motion but no weakness or sensory changes of his left upper extremity. He was otherwise healthy except for a remote history of repair of a congenital heart defect through a median sternotomy.
On physical exam, the scapula was elevated and displaced laterally ( Fig. 1 ). There was a prominent soft, cystic mass in the upper axilla, which became more prominent with shoulder abduction (Fig. 2) . Strength of the shoulder girdle muscles was normal, including the serratus anterior muscle. Exam of the left arm and hand showed normal motor and sensory function.
Computed tomography (CT) imaging demonstrated an exostotic lesion arising from the ventral surface of the scapula, which was abutting the rib cage ( Fig. 3 ). Magnetic resonance (MR) showed an 18×10×8-cm fluid-filled, multiloculated sac surrounding the lesion, which displaced the serratus anterior muscle from the chest wall and the anterior border of the latissimus dorsi muscle laterally. The mass abutted the brachial plexus and axillary vessels with some displacement superiorly without evidence of compression of the vessels (Fig. 4) . The inferior portion of the brachial plexus did appear to be flattened ( Fig. 5 ). These findings were consistent with a large reactive bursa.
Surgery was undertaken using a team approach with the orthopedic oncologist (DH). An incision was made along the anterior border of the latissimus dorsi muscle. The thoracodorsal neurovascular bundle was found to be displaced medially from the muscle. This was dissected free. The long thoracic nerve was identified on the serratus anterior muscle ( Fig. 6 ). With these two nerves protected, the bursa was entered and the serous fluid drained (Fig. 7) . The mass, which had a prominent cartilaginous cap, was excised from the inferior border of the scapula in two pieces ( Fig. 8a, b ). The size of the mass was 6×6×10 cm. Resorption of the underlying ribs from pressure was noted. A portion of the bursa was resected, but to avoid injury to the neurovascular structures, there was no attempt to remove the superior extension into the axilla. Once the lesion was removed, a reactive bursa was unlikely to reform. Histologic analysis revealed benign osteochondroma with cartilage cap thickness of 0.4 cm. The surrounding capsule was reported as reactive synovium.
Postoperative drainage was minimal and drains were removed 1 week later. Shoulder function and position were normal 1 year later with no recurrence of the bursa. He is currently followed clinically for symptoms of tumor recurrence without need for imaging surveillance.
Review of Literature and Discussion
Pseudo-winging and classic winging of the scapula differ only in their etiology. True winging of the scapula is caused by serratus anterior muscle palsy. Any other cause of winging deformity such as tumor, glenohumeral instability, fracture, paralysis of the trapezius muscle, or others is considered pseudo-winging of the scapula [3] .
Osteochondroma accounts for 35 % of benign bone tumors [10] . Only 4.0-4.6 % of scapula tumors are osteochondroma [9, 5] . In osteochondromas occurring on the ventral surface of the scapula, pseudo-winging may result from the mass effect causing protrusion of the scapula. Osteochondroma of the scapula causing deformity was first described in 1914. McWilliams described a case of "adventitious bursa" surrounding a scapular exostosis in an 18-year-old female [7] . A subscapular mass, when presenting as a scapular deformity or as winging, may lead to the misdiagnosis of serratus anterior palsy. Clinically, differentiating between true scapular winging and pseudo-winging may be difficult.
In osteochondroma, progressive prominence of the scapula is common, as the ventral exostosis presses against the thoracic rib cage. Presentation is typically in children or those near skeletal maturity, as osteochondroma growth often mirrors skeletal growth. There may be complaints of catching, clicking, or grinding with shoulder mobility. Thorough physical exam is essential. In winging secondary to long thoracic nerve paralysis, the deformity is worse with motion such as extending the outstretched arms forward or pushing against a wall; it is less noticeable at rest. With pseudo-winging, the deformity is generally prominent at rest and less affected by motion. Patients with pseudo-winging due to subscapular exostosis have notable deformity that remains while at rest. Winging secondary to trapezius muscle paralysis can be diagnosed by physical exam with confirmation by electromyography [8] . Glenohumeral instability and at times malunion of either the scapula or humerus likely present with a history of trauma and may require additional imaging studies.
Appropriate diagnosis of bony exostosis of the scapula includes CT with possible adjunctive MR or ultrasound. Though rare, osteochondroma has the potential to undergo [1] . Cartilage cap thickness greater than 2 cm is worrisome for malignant transformation. CT and MRI imaging are both capable of measuring the cartilage cap thickness consistently, but in the presence of a reactive bursa, false-positive interpretation by CT has been reported in two cases. MR and ultrasound are good adjuncts for differentiating thickened cartilage cap from presence of a bursa. When 2 cm of cap thickness is used as the cutoff, the sensitivities and specificities of MR are 100 and 98 %, and those of CT, 100 and 95 %, respectively [2] . Benign bone tumors such as osteochondromas may be staged using the Enneking staging system for tumors of the musculoskeletal system. This system categorizes benign bone tumors as 1 (latent), 2 (active), or 3 (aggressive) based on radiographic features and growth behavior [6] . In this case, the tumor could be classified as latent because it was not actively growing, as osteochondromas typically cease growth when the patient reaches skeletal maturity. Deformity and painful abutment of the ribs were indications for removal of this patient's tumor.
Our surgical approach in this case was from an inferior and lateral approach. Common convention with this type of subscapular tumor is to approach it through a dorsal incision along the medial border of the scapula [9] . With the bursa displacing surrounding structures, our approach allowed direct visualization and protection of the thoracodorsal nerve, artery, and vein, as well as the long thoracic nerve (Fig. 6 ). Once these structures were retracted safely, we were able to easily enter the bursa sac and excise the tumor.
Unique to this case is the very large size of the reactive bursa within the axilla. This is thought to be a reaction to the mass grinding on the rib cage repeatedly with movement in a physically active patient. One series of eight patients with scapular osteochondroma reported that four were accompanied by a reactive bursa [4] . The ventral surface of the scapula is most commonly involved, and typically, the bursa is more localized. Involvement of the thoracodorsal and long thoracic nerves by an axillary bursa is very rare in the literature. Aggressive resection of the bursa may have led to injury to the brachial plexus and is unnecessary, as the bursa should not recur once there is no longer irritation of the underlying ribs. Other authors have reported success with partial resection of the bursa [10] . Review of the literature confirms that in rare cases, scapular osteochondroma of the ventral scapula surface produces pseudo-winging by displacement by bony mass effect or formation of a reactive subscapular bursa and should be considered in the differential diagnosis when winging and a mass are present.
